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Abstract 
In the broadband wireless communication, the signal processing may have these problems in the frequency aliasing 
and frequency offset. This paper presents an improved wavelet decomposition and reconstruction algorithm for the 
different properties of wireless signals in the interference. In order to achieve much better beamforming with low 
noise, this paper discusses the issue about beamforming and processing of broadband wireless signals based on 
wavelet packet decomposition. Simulation results show the effectiveness for the accuracy and calculation speed, and 
the results also prove that this method can have a strong anti-Doppler shift performance.  
© 2011 Published by Elsevier Ltd. 
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1. Introduction
In recent years, with the rapid growth of mobile subscribers, the communication systems have some
problems about the constraint of spectrum resource, the need for increasing system capacity and high data 
rates. Some new measurements have been taken such as channel allocation, power control and other 
methods to solve these problems, but the results are not satisfactory [1]. The smart antenna can use the 
adaptive array antenna to track and extract the spatial information from different user location, and it can 
adopt the same channel to send and receive signals for each user with a little interference. Smart antenna 
can be formed automatically for the best array beam, according to the environment of signal. The 
adaptive signal processing of the smart antenna can realize the incident null in direction of interference 
and can track the useful signal on the main beam. But in the smart antenna, the beam-forming is the key 
technology to improve the signal to noise ratio, and it can also increase the user capacity [2].
The study of broadband signal has gotten some considerable attention in the past [3]. The scholars 
have done a lot of work on constructing the focusing matrix for the wideband signal. They analyzed the 
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loss of focus, and pointed out that the unitary transformation will not cause the loss of focus. They also 
constructed the unitary structure of the special focusing matrix, but the calculation is very complicated. 
They also pointed out that if the focusing matrix and its transposed matrix are independent with frequency, 
and constructed a diagonal matrix to simplifying the calculation processing, but there is some loss of 
focus [4]. In a word, these methods all need to know the anticipating direction of the arrival for the 
electromagnetic wave. If there is some inappropriate initial value of the direction, the ability of 
convergence for the algorithm will be reduced, and cause the estimation biasing [5]. In this paper, we 
present an improved wavelet decomposition and reconstruction algorithm for the different properties of 
signal and noise in the interference. In order to achieve the better beamforming with the low noise, the 
paper discusses the beamforming and processing of broadband wireless signals based on wavelet packet 
decomposition.  
2.  The beamforming for the broadband signal 
Broadband signal can be seen as a number of adjacent frequency and narrowband signal, and it is 
assumed that the superposition signal has the narrowband signals. Array signal processing beamformer is 
essentially a spatial filter to the broadband beamforming and the downlink beamforming. The 
beamformer enhances the desired signal direction signal, and it can restrain and eliminate the interference 
noise from other directions. We suppose that there is an antenna array with M elements. The array input 
vector whose elements are samples of the array input signals at different elements is written as 
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where )(nsm  is the input signal sample on the mth array element at the time index n. The array output 
is
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Where W is the array beam-former weight vector, 
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The average array beam-former output power is  
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The minimum mean square error (MMSE) of the problem of the adaptive beam-forming only requires 
a training signal or reference sequence in the received signals. The received signal is expressed as 
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Where )(, tjk  is the complex channel gain for the i-th path of the k-th  user, ik ,  is the delay time, 
)( .ikV   is the array response vector, )(tbk  is the transmitted data, )(tak  is the spreading sequence, and 
n(t) is the noise vector. The optimization criterion for a beam-former is to minimize the difference 
between the array output and a reference signal.  
The beamformer weight vector can be used to build the formation of the multiple beams in different 
directions. Fig.1 shows the principle of multi-beam forming weighted respectively. 
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Fig.1.  Multi-beam former  with different weights for uniform linear array antennas. 
In Fig.1, the total of beamformer is L, and the weighted vector of  l-the beam is, 
                                                                              (6) 
As the spatial time-domain signal processing and space-time signal processing with the corresponding 
relations, the spatial sampling of the signal can be modelled with time-domain signal in the time of 
sampling. Therefore, l-the beam output of the linear array is:  
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3. Multi-beamforming based on wavelet packet 
Beam direction is a maximum respond to the signal from some space direction when the array is 
determined. The beam direction is completely dependent on the beam weight vector, and when a beam is 
required to form a maximum respond one direction, each array element weighting will be calculated for 
phase compensation. For M uniform linear array, the weighting for the beam pointing direction is shown 
as,
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0  is the beam pointing direction. a is the linear array.
For the real-time signals, the wavelet transformation can be done, 
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In which, the wavelet function expression is, 
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So, we can have 
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At this point, the each sub-band beamforming based on the construction of wavelet transformation is 
shown as, 
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Based on the wavelet packet adaptive beamforming, it can provide a more sophisticated signal analysis. 
With the help of its multi-band division, the wavelet transformation can obtain the fast converges for the 
broadband beamforming.  
4. Simulation processing results 
In this paper, the simulation processing has been done to prove the effective results of the broadband 
beamforming algorithm, and we give also the relation among the direction estimation precision and signal 
noise ratio. The antenna array is the eight directional uniform linear array elements, and it composes of 
uniform linear array. The array spacing is the half wavelength with the signal centre frequency; but the 
noise is the zero-mean Gaussian white noise.
We use the wavelet packet method to form four beams for beamforming and processing of broadband 
wireless signals. In Fig 2 (a), we can see that four maximum beam directions are -11o, -3 o, 15 o and 30 o
respectively; in Fig 2 (b), we can see also that seven maximum beam directions are -50 o, -30 o, -10 o, 0 o,
10 o, 30 o and 50 o respectively. Therefore, the arrival direction for radio signals can be controlled easily. 
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Fig.2. (a) The broadband beamforming with four maximum beam directions; (b) The broadband beamforming with seven maximum 
beam directions. 
5. Conclusions 
In this paper, we present an improved wavelet decomposition and reconstruction algorithm for the 
broadband beamforming with different properties of radio signals in the interference. We can control the 
arrival direction using the wavelet packet decomposition processing. The simulation results show that the 
method has a good resolution, and it has less computational complexity and easier to implementation in 
communication engineering. 
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